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The hexakis (4-dimethylaminopyridyl) benzene hexacation of 1 is investigated as an extreme 
example of the ability of electrospray ionization to allow transfer of small multivalent ions to 
the gas phase. The hexacationized benzene ring ions are stabilized by forming gas phase 
complexes with two to five trifluoromethanesulfonate counterions. MS/MS analysis reveals 
that their fragmentation takes place by loss of neutrals such as trifluoromethanesulfonic acid 
and 4-dimethylaminopyridine; no rupture of the benzene or pyridine rings was observed in 
spite of accumulation of positive charge in a restricted geometry. (J Am Sot Mass Spectrom 
1998, 9, X-20) 
E lectrospray mass spectrometry [l] provides the means to produce multiply charged ions from solutions of neutral compounds as well as a 
technique to simply desolvate ions pre-existing in solu- 
tion. Its use in the identification of proteins and pep- 
tides where the charge is conferred by protons has been 
the subject of much recent study [2-41 and it seems 
fairly well established that accumulation of positive 
charge by protons aids in fragmentation. An extreme 
example of charge accumulation, but not by protons, is 
provided by a recent synthesis by Weiss et al. [5] of 
the hexatriflate salt of hexakis(4-dimethylaminopyridyl) 
benzene 1. Although this compound has none of the 
structural features of peptides, it does offer an unusual 
opportun:ity to study the effect of a rigidly fixed set of 
charges during the dissociation of a collisionally acti- 
vated ion. 
Experimental 
Synthesis of this compound [5] involves an interesting 
reaction between hexafluorobenzene and 4-dimethyl- 
aminopyridine (DMAP) in the presence of trimethyl- 
silyl trifluoromethanesulfonate, the latter serving to 
remove the fluoride ions from the reaction by their 
conversion to gaseous trimethylsilylfluoride. We car- 
ried out the reaction as described [5], but for unknown 
reasons we were able to achieve a yield of only 5%. The 
single crystal x-ray dimensions of the product recrys- 
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tallized from water were found to be identical with the 
reported values [5]. The corresponding monophenolate 
(2) was prepared by refluxing 1 in 10% sodium bicar- 
bonate as described [5] and recrystallizing from water. 
Samples of 1 and 2 were dissolved at concentrations 
of 1-3 mg/ml in either aqueous methanol or acetonitrile 
(see below) and electrosprayed at 4-5.5 kV with the aid 
of a syringe pump (Harvard Instrument Co., South 
Natick, MA) operating at 1 pL/min into a Finnigan 
TSQ-700 triple-quadrupole mass spectrometer (Finni- 
gan Instrument Co., San Jose, CA). The temperature of 
the heated capillary was 175°C and voltages on the tube 
lens and octapole elements were adjusted to minimize 
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Figure 1. Electrospray mass spectrum of the trifluoromethanesulfonate salt of hexakis(4-dimethyl- 
aminopyridyl)benzene (1) dissolved in dry acetonitrile. DMAP = 4-dimethylaminopyridine, T = 
trifluoromethanesulfonate, C = cation of 1, P = cation of 2. 
dissociation in these regions. The MS/MS spectra were 
obtained with 1.5 mtorr of argon in the collision cell 
(QJ. The collision offset voltages applied are given in 
the text. 
Results and Discussion 
Initially, recrystallized 1 was dissolved in aqueous 
methanol for analysis. However, inspection of the spec- 
tra (not shown) revealed that it had been largely con- 
verted to the monophenolate 2 and its methyl ether (2a). 
Accumulation of positive charge on the benzene ring 
facilitates nucleophilic attack by both solvents displac- 
ing one of the DMAP substituents as described by 
Weiss et al. [5]. When dry acetonitrile was used, these 
complications were minimized and the cation of 1 was 
detected through its formation of gas phase complexes 
with 2 to 5 (CF,SOJ’ anions, accounting for the ions of 
+l to +5 charge in Figure 1 at m/z 275.5,417,700, and 
1549, respectively. These are labeled (C * 2T)‘4, 
(2DMAP+THbH+ 
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Figure 2. Parent ion MS/MS electrospray mass spectrum of the (DMAP + H)+ ion at m/z 123 with 
Ar as the collision gas and the collision offset at 60 V. DMAP = 4-dimethylaminopyridine, T = 
trifluoromethanesulfonate, C = cation of 1, I? = cation of 2. 
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(C * 3T)+“, (C * 4T)+2, and (C * 5T)+‘, where C = (hexakis 
(4dimethylanGnopyridyl)benzene)+6 and T = (CF,SOJ*. 
The cation of the monophenolate 2, apparently 
formed by hydrolysis during handling or spraying, still 
accounts for about half of the ions in this spectrum. In 
this case, the oxygen of the monophenolate reduces the 
charge on the ring by two, once by substitution for a 
positively charged DMAP moiety and once through its 
presence as an anion. In spite of this, it also forms the 
same series of +l to +4 charge states as 1 by forming 
complexes with O-3 (CF,SOJ1 anions, producing 
peaks at m/z 174.5, 282.3, 498, and 1145. These are 
labeled in Figure 1 as (I’ * OT)f4, (I’ . lT)t3, (I’ * 2T)‘2, 
and (I’ * 3T)+’ where P = [pentakis(4-dimethylaminopy- 
ridyl) phenolatelt4 and T = (CF,SO,)-‘. 
The most intense peak in Figure 1 is the 
(DMAP+H)+ ion at m/z 123 and it is accompanied by 
an abundant adduct ion at m/z 395 containing an 
additional molecule of the trifluoromethanesulfonic 
acid (TH) salt of DMAP, i.e., (2DMAP + TH + H)+. 
While these ions undoubtedly arise partly from the 
hydrolysis implicit in the spectrum, parent ion (MS/ 
MS) analysis at 60 V offset in Q2 (Figure 2) revealed that 
all of the other complexes of the cations of both 1 and 2 
except for (I’ . OT)t4 were also capable of producing the 
(DMAP -k H)+ ion on collision. When the offset was 
lowered to 10 V, only the noncovalently bound adduct 
ion (2DMAP + TH + H)+ was its source. 
It is interesting to find that the maximum charge 
state of the cation of 1 is in the form of (C * 2T)+4. This 
complex .represents a combination of ions that is also 
observed as a unique feature of its x-ray structure [5] 
where two of the six (CF3S03)-1 are positioned above 
and below the positively charged benzene ring with the 
sulfonate oxygens oriented toward its faces; the other 
four anions are more remotely located in the unit cell. 
Whether the ion at (C * 2T)f4 has any of the character- 
istics assigned to this combination in the crystal state is 
of course unknown, but its relatively low abundance 
argues against any special stabilizing feature. The phe- 
nolate cation 2 also shows maximum abundance at a 
charge state of +4 where the ion was unequivocally 
identified as the bare phenolate cation (Pm OT)C4 both by 
its isotope pattern and through MS/MS (see below). 
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MS/MS Analysis 
In spite of the high charge densities of the cations, all of 
the complexes except for the bare (I’ . OT)+4 ion were 
found to be quite stable at low collision offset voltages 
(--lo V). At higher voltage (- -20 to -40 V), exten- 
sive and complex fragmentation occurred and it was 
not possible to discern all details of the decompositions. 
Figure 3 compares MS/MS spectra of each of the 
complexes of C at the increasing voltages required for 
their fragmentation as their charge state reduces from 
+4 to +l (Figure 3A-D). These increasing voltages were 
adjusted to be approximately inversely proportional to 
their charge states so that comparable energies are 
20. 
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Figure 3. MS/MS spectra of (A) (C * 2T)+4; (B) (C * 3T)f3; (C) (C * 
4T)+*; (D) (C .5T)+’ where C = cation of 1 and T = trifluorometh- 
anesulfonate using Ar as the collision gas and collision voltage as 
noted in each spectrum. 
provided to all four ions. The three highest charge states 
all show a comparable degree of fragmentation even 
though the pathways differ. The singly charged ion 
(Figure 3D) certainly shows less fragmentation than the 
others supporting the unremarkable notion that Cou- 
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lombic repulsion aids fragmentation. The quadruply 
charged ion of this series (Figure 3A) produces a very 
complicated series of multiply charged and overlapping 
peaks even at -22 V. The resolution here was generally 
insufficient to reliably determine their masses but they 
appear to include ions derived from lower charge 
states, e.g., m/z 185.7,212.0, and 226.9 are also observed 
in Figure 3B. At the lower charge states of Figure 3B-D 
the resolution sufficed to identify the losses and these 
are outlined in Scheme Ia-c where they are seen to 
involve sequential neutral losses of trifluoromethane- 
sulfonic acid (-A) and DMAP (-8). The former re- 
quires the abstraction of a proton from the structure by 
the trifluoromethanesulfonate anion and we are in- 
clined to suggest that its source is one of the hydrogens 
in the 2- or 5-positions of the DMAP pyridine rings. 
These hydrogens are known to be slightly acidic and a 
negative charge here would be additionally stabilized 
by the adjacent positive charge on nitrogen. 
Loss of an intact molecule of DMAP (-B) requires the 
separation of the pyridine ring along with the two 
bonding electrons, transferring the positive charge to 
the benzene ring. This unusual reaction would be 
expected to be inhibited by overlap between the r 
orbitals of the pyridine and benzene rings, However, 
the x-ray diagram of 1 reveals that the rings are actually 
oriented at right angles to each other due to steric 
crowding [5], so that at least the first few losses of 
DMAP would not be hindered by the double bond 
character of these linkages. 
Neither loss of trifluoromethanesulfonic acid nor 
4-dimethylaminopyridine involves a change in overall 
charge state so that the final product ion must accom- 
modate the positive charges in an even more restricted 
geometry. In Scheme Ia-c we show admittedly specu- 
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lative structures for some of the final resulting ions. 
Perhaps their main justification is the relatively sym- 
metrical, centrally located, charge distribution they pro- 
vide. 
One feature of these spectra that is difficult to 
explain concerns the process (or processes) leading to 
the formation of (DMAP + H)+ at m/z 123 as was 
shown both by the parent ion scan of Figure 2 and again 
in Figure 3A and B. These should produce complemen- 
tary ions of one unit lower charge at m/z 326.3 and 564, 
respectively, but the only ions observed at higher 
masses than the parent ion are those providing weak 
peaks at m /z 279,296, and 361 (Figure 3A) and m/z 490 
and 496 (Figure 3B). 
The phenolate ion complexes exhibit similar losses of 
A and B (Figure 4B-D). In this case, even the singly 
charged state undergoes extensive fragmentation, per- 
haps due to the reactivity and asymmetry provided by 
the phenolate oxygen. The (I’ * OT)t4 ion barely survives 
even when the voltage was lowered to -10 V. In 
addition to loss of A and B, the ions (I’ * 1T)t3 and 
(I’ .2T)+’ lose an additional 44 u (-D) which is likely to 
be the (CH&N * unit. These processes are detailed in 
Scheme ha-c where the structure of the final decompo- 
sition product of (P * 3T)+l at m/z 330.7 (Scheme IIc) 
appears to have lost three molecules of trifluorometh- 
anesulfonic acid (TH) and three molecules of DMAP. 
Formally, this requires that one DMAP must carry two 
negative charges, perhaps supporting a variant of the 
strained ring structure shown. 
Conclusions 
All of these ions lose neutral molecules of triflu- 
oromethanesulfonic acid and DMAP. These decompo- 
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Figure 4. MS/MS spectra of (A) (P . OT)+‘; (B) (P * 1T)t3; (C) P * 
ZT)+‘; (D) (P .3T)+’ where P = cation of 2 and T = trifluorometh- 
anesulfonate using Ar as the collision gas and collision voltage 
offset as noted in each spectrum. 
sitions therefore force the charges into closer proximity. 
Even this does not seem to result in rupture of the 
benzene or pyridine rings and it appears that the 
increase in Coulombic repulsion is easily accommo- 
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dated by the delocalization in the remaining structure. 
In the case of peptides these benzenoid structures are 
available in phenylalanine, tyrosine, and the relatively 
infrequent tryptophan, and it would be interesting to 
see if the well-known increase in fragmentation with 
charge is moderated in peptides containing these units. 
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